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CHAPTER I 
IN TROD UC TION 
The purpose of this investigation was to study the behavior and 
characteristics of a material that has become very popular and almost 
essential in the daily practice of Orthodontics; the plastic modules, better 
known in the market as "Alastiks. " 
The principal objective in this study was to determine the load 
relaxation of these modules, specifically the CK Clear and CK Gray group 
and the Spool Gray Chain from one manufacturer, Unitek Corporation 
during a period of three and four weeks (clinical time). 
The forces used wer~ in the range of(. 464 pounds - . 467 pounds 
= 209 grams - 210 grams) and (one pound or 450 grams) under two different 
environmental conditions; dry at room temperature, and under deionized 
water at 37° C, the modules will be tested. 
Other investigators have done similar studies utilizing Correx 
Gauges to take the measurements and to collect their data. 
In this investigation a different approach will be considered using 
an Instron Testing Instrument to collect the data. 
The principal objectives are: 
1 
2 
First, to study the variability of the mechanical properties of 
three types of plastic modules, taking the material to the breaking point. 
Second, measure the load relaxation of the material after three 
and four weeks. 
Third, to study the influence of environmental temperature on 
each type of Alastiks. 
Fourth, compare the results of this study with those of other 
researchers. 
CHAPTER II 
REVIEW OF THE LITERATURE 
One of the objectives of this study was to determine the 
chemical components of the Alastik material. In reviewing the literat~re, 
investigators like Bishara1 and H ershey2 ~ could n~t obtain this .informa-
tion. They stated that it is a trade secret~ or that it is proprietary 
information. 
As far as our investigations are concerned, the only informa-
tion available was what the United States Patent Office 3 gives for t~e 
components qf elastome:r:ic thread, a13sumfng, tba~ the ,ch~mical c?mposi-
tion is probab~y the same for ·~he Alastik modules, but vv;ith diffe.rent .. , 
shape. This Patent of the elastomeric thread explains the com,.positicm 
and the production procedure. 
The material is obtained by the. conversion of the liquid poly-
urethane prepolymer into solid thread by a two. stage c1;1ring proc:ess;, the 
first stage is produced qy setting O:;t;' curing the outpide, surface by the 
.. , , ' ',I, ' •; • ' 
action of a dip;rimary. diamine.. An OlJ.t~r sk~n or encasing shell of, pl;'~-: 
, polymer is formed; subsequently~ the ,thread is subj.ected to th13 ac:tion of 
water,. preferably under pressure, which Gaus,es tpe liquid core or central 
3 
4 
portion of the thread to be cured to a solid state. In cross section the 
thread has two distinct areas: the outer portion is essentially a diprimary 
diamine cured surface, and the interior of the thread is a water cured 
material. 
Alastik is probably the s'ame material as that mentioned in the 
Patent, but with different design. This design is obtained by injecting the 
material into a:. mold with the desired length and shape. This still is an 
assumption. 
·Mechanical Properties of the Polymers 
B .. ~ 4. ' ~· l . • '.. , , ' . . tt. lKaH:l:; . Ut:llHecl llH::C 1d.fill:cl.i prupt:i L.tt6 u;y .:..:..t.::.l'll1.llllng !.2 rc 
sponse of the bodies to external mechanical influences, manifested in the 
ability of the bodies to develop reversible and irreversible deformations, 
and to resist failure. He also says that the most important properties of 
the polymeric bodies are highly pronounced mechanical relaxation pro-
cesses (stress relaxation, creep, hysteresis, etc.). 
Since the aim of this study is to measure the load relaxation of 
the material it is pertinent to know what load relaxation (L. R.) means. 
Relaxation is defined by Bikales as the relaxation phenomena which arise 
upon the establishment or equilibrium in a system brought out of equi-
librium by the action of external forces. In other words, there is a 
5 
change of position of the molecules under specific external force, rear-
ranging themselves depending upon what amount of force is applied. 
. ~ . 
To determine the initiai lbad to be used in the experiments, it 
is necessary to review the diffel:<ent theories developed by expert'S' in the ' 
field of optimal forces in Orthodontics. 
Stoller5 states that without undermining resorption, tooth move-
ment is m·ore rapid, pa:in free, and nearly physiologic. His views are 
based on the work of Schwartz, who said that to move teeth more physio-
logically, we must use forces no greater than that of capillary blood 
pressure. This pressure is approximately 20 gm. to 26 gm. /em. 2 of root 
surface. Pressure under 20 gm. /em. 2 is considered light and those over 
2 26 gm. I em. as heavy. 
In his force response chart of physiologic tooth movement, 
Stoller gives the following values for :maxillary and mandibular cuspid 
retraction: 20 to 65 gm. assuming that the root surface area is of 
. 2 2. 5 em. . 
Moyers6 advocates the same prirlciple, but itl addition he said 
that the average thickness of the Periodontal Ligament (P. D. L.) in the 
human being is in: the neighborhood ()f 0. 2 mm.; so ideally an orthodontic 
appliance should operate over a distance of less than 0. 2 mm. with a 
force of between 15 to 25 gm. Furthermore, he suggests that it is 
. " . •' ., ' 
6 
desirable to have an intermittent force against the tooth so that the P. D. L. 
may enjoy periods of recovery. 
Begg 7 with his theory of differential forces, states that in an 
extraction case only 60 to 70 gm. of force is needed to close the space. It 
has to be noted that in this particular technique, space closure is achieved 
by tipping the six anterior teeth lingually and not by bodily movement of 
the cuspids as in the Edgewise technique in which it is necessary to add a 
couple, and an antirotational force which means more bone resistance. 
Paulson et ~· 8, reported effective maxillary cuspid retraction 
without loosing anchorage utilizing an effective force of 50 to 75 gm. with 
latex elastics attached from maxillary molar to a sliding hook mesial to. 
the maxillary cuspid. Cervical heal) gear and a transpalatal bar were. used 
to reinforce maxillary molar ancho:rage. 
Anchorage conservation was corroborated with tracings and 
superimpositions on laminagraphs of six patients. It has to be noted here 
that the actual force delivered to the P. D. L. and surrounding bone should 
be less. considering the friction factor, since the retra.ction procedure 
was done by sliding the cuspid bracket on .a continuous • 016 inch arch 
wire. The. rate of space closure in every patient was different because of 
the variability in the bone resorptio:r:t response. 
7 
Jarabak9 gives the following numerical force values for optimal 
tooth movement depending upon the root size. In this case only maxillary 
and mandibular cuspids will be reported: 
Teeth 
Mand. Cuspids 
Max. Cuspids 
Short Roots 
85-95 gm. 
105-115 gm. 
Medium Length 
95-110 gm. 
115-130 gm. 
Long 
110-130 gm. 
130-170 gm. 
Reitan 10 found individual variation in tissue reaction· among 
pers·ons of similar age groups-.' 'Ftirthermore. there are variations in the 
normal tissue characteristi'cs between young and adl!l.lt structu-re·s. He 
sugg>ests applying light forces during the iriitiaT stage of 'tooth movement, 
because of the tendency tow'ard formation of cell free hyalinized areas. 
This hyalinized fibrous tissue is riot' removed· by osteoclastic reso-rption, 
the ·osteoclasts remove the bone around the cell free areas, so with less 
initial force the cell free area will be less extensive and more readily 
invaded by cellular elements. An initial light force of 25 gm. in adults 
and 40 gm. in youngsters should be u~ed.. In the final 'Stages it is recom-
mended to use forces of 150 to 250 gm.· 'for the maxillary canine and 
forc~s of 100 to 200 gm. ·for mandibular 1canines. 
Nikolai 11 states that· clinical ·studies have suggested ·that the · 
magnitude of acti:Ve force for bodily ·movement or root movement of ·a 
I 
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given tooth be two to three times that employed in simple tipping of the 
same tooth. Guided by opinions of other investigators, he selected 60 gm. 
of force for simple tipping. Theoretically, if for a particular patient 
60 gm. is a suitable distal tipping force for a maxillary canine then 210 gm. 
and 360 gm. should be proper for bodily movement, and crown movement 
respectively. 
Hixqn et al. 12 , in their paper in 1969, report the use of continu-
ous forces of 300 gm. to the right maxillary and mandibular canines~ and 
differing continuous forces from 64 to 1, 515 gm. applied to the left canines 
in five patients. · They found that there was little evidence ·to support a 
theory of optimal forces for a clinically meaningful period of time. 
Too many variables; (such as tipping instead of bodily· movement, 
difference in rate· of space closure because of metabolic variation, and 
difference in root area), 'are present ~o predict an optimal force. Their 
finding:s also suggested that heavier forces (per unit root area) produce 
more tooth movement than those under 300 gm. 
In a later paper Hixon· et .al. 13,, tried to avoid the tipping of the 
teeth during. movement by using heavy .L045 inch wires plac·ed buca1ly and 
lingually that slid through two . 045 inch .tubes soldered bucally and lingually 
to the molar and second bicuspid. Regardless of1the stiffness of the wire, 
they still g~t some. tipping during cuspid retraction. They corroborate 
9 
their previous study stating that there are too many intrinsic factors in 
each patient to obtain significant data to support the theory of an "Ideal 
Force." 
Boester14, in his investigation, tried to answer the same ques-
. tion as the former investigators about an optimal force in .canine retraction. 
He used forces of 55 gm., 140 gm.; 225 gm., and 310 gm.; each value 
used in each quadrant for every one of his ten patients. On an average, all 
forces produced more canine retraction than anchorage loss. All patients 
showed the same general pattern of tooth movement. 
Contrary to Hixon et ~· 12• 13, his data suggested that space 
closure proceeds equally rapid at forces ranging from 140 gm. to 310 gm. 
He believes that in this range bone resorption, per se, appears to be 
occurring at a maximal rate, and may constitute the rate limiting factor. 
. . 
No significant difference was reported among 55 gm., 140 gm., 225 gm., 
and 310 gm. of force levels with regard to tooth discomfort. 
After reviewing the literature of various investigators in regard 
' . . . I 
to the optimal forces in Orthodontics, specifically in cuspid retraction, our 
conclusions are that such optimal forces do not exist because of the vari-
ability of bone response in each patient, and because the differences i;n 
opini9n on the amount of force to b~ used, with a range from 15 to .365 gm. ~ 
and sometimes more • 
.. 
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It is our contention to let the Orthodontist select the optimal 
force, that in his opinion, he considers proper for his clihical t:teatment. 
Very few reports have been published in regard to the properties 
and behavior of the Alastik modules. 
Andreasen et al. 15 compared Alastik Chains with latex elastics 
with regard to intra-arch molar to molar forces. Their objective was to 
give an understanding of the force ranges which these material's will pro-
duce when used under all possible stretches from molar to molar for a 
three week clinical period of time. They studied 30 non-extr::iction c~ses 
and 30 extraction cases from mesial of the maxill'ary molar of one side to 
mesial of the maxHlary inol~r of the other side of the arch. The maximum 
and minimum stretches recorded were 105. mm. and 65 mm. The total 
time selected for the test was three weeks. The materials to be tested· 
were: 300 Surgical Bonded Latex elastics five-eighths inch and three-
quarter inch; and 100 Standard and Heavy Chain Alastiks. In order to hold 
and stretch the materials they constructed five wire frames with size 
increments of 10 mm., starting at 65 mm. up to 105 mm. A Correx Gauge 
was used to record the force levels~ · The matei-ials were tested under five 
~nvironmental conditions: a) dry environment at room temperature, ~b) 
water at room temperature, c) saliva at room temper~ture, d) dry at 37°C; 
and e) saliva at 37° C body temperature. Inter and intra examiner 
11 
variability was reported for two independent observers. They found that 
there was no statistical significant difference between the two environ-
ments, water and saliva at 37° C body temperature. Both materials stain 
from saliva. Under all the environmental conditions, most of the loss of 
force occurred during the first 24 hours. Saliva and water decreases the 
measured force in both materials. 
Th:e results:from these investigators in regard to .the Alastik 
material were as follows: the initial relaxation after 24 hours. was 74. 21 
+ 5. 8 percent. After the first hour, the force decay per unit:>Qf time was 
55. 7 + 6. 7 percent. After the first day the remaining decay .of force 
was 8. 2 + 4. 1 percent, meaning that after the first 24 hours there is a 
constant force remaining up to the third week. The investigators :suggest 
using approximately four times the initial force for Alastiks, compared to 
those forces the clinician is accustomed to using. 
Bishara 1 compared plastic Alastiks and latex elastics relating 
time-forces. For their study they made an aluminum steppE!d sheet that 
accomodates ten elastics at a time. The variations were 22 to 40 mm. 
with an increase of six mm. for each step. The plastic Alastiks were 
stretched over stainless steel frames with the same dimensions. Three 
. Correx Gauges were used to measure the force levels .. one from 1-150 gm. 
another from 100-500 gm. and the last one from 100-1 .. 000 gm. Total 
time of the experiments was three weeks. 
-12 
The materials tested were 108 Surgically Bonded Latex Elastics, 
three-sixteenths inch Heavy Elastic, four-sixteenth inch Heavy Elastic, 
five-sixteenth inch Heavy Elastic, and six-sixteenth inch Light Elastic, 
and 90 plastic Alastiks from the 11K 11 group. The "K" group .is: Standard 
K 1, Heavy K 2, and Standard K 3. Inter and intra examiner variability was 
reported for two independent observers. They stated that in a pilot study, 
it was found that Alastiks are best t~sted in water at 37° C. Again only the 
values found by these investigators in regard to the plastic Alastiks will be 
mentioned. After the first hour the force lost was 45. 3 percent; after the 
first 24 hour period, 54. 7 percent, after one week, 60. 5 percent, and after 
a three week period the rema:ining fore~ was 32. 5 p.ercent, whicJ::l means 
that 67.5 percent was lost. ·One observation was that both materi$.ls under-
went plastic deformation when they were stretched, the greater being in the 
plastic Alastiks. 
Hershey2 d~d a study with plastic modules me~sur.ing the 
remaining force with intervals of time from ten minutes up to six weeks 
taking under consideration tooth movement. 
They constructed a stainless steel framework with edgewise 
brackets welded on it, having initial interbracket distance ranging from 
12 to 34 mm. and with the capacity to hold 120 modules. The framework 
had a threaded mechanism to allow a decrease in separation to simulate 
13 
tooth movement. The rates of tooth movement used in this study were 
0. 25 mm. and 0. 50 mm. per week. Carpo Gauges were used to take the 
measurements by two observers. 
A total of 540 plastic modules from three manufacturers were 
tested: Alastik modules, Clear and Gray type manufactured by Unitek 
Corporation; Power Chain and links manufactured by Ormco Corporation; 
and Elast-0 Chain manufactured by TP Laboratories. The modules were 
aged in triple destilled water at 37° C. 
Findings: Average of remaining force without tooth movement 
" . ~- ' 
reported was: 
10 Minutes 1 Hour 24 Hours 4 Weeks 6 Weeks 
75% 64% 47% 40% 42% 
! .,1 
Some of their observations were: that the gray Alastiks were 
more consistant in the amount of force produced than the Clear Alastik; 
that as the rate of closure increased, the rate of decay also ihcreased; 
percentage of force loss was similar for modules stretched to high and low 
initial forces. 
Former investigators like Bishara1 and Andreasen15 suggested 
that because of the large amount of force loss with time and tooth move-
ment, the modules should be used with force magnitudes substantially 
larger than the clinician views as an; "optimum" tooth moving force. 
CHAPTER III 
METHODS AND MATERIALS 
Three different types of Plastic Modules, better known as 
"Alastiks 11 were selected for this investigation. All the Alastiks were man-
ufactured by Unitek Corporation: CK Clear Regular, CK Gray Alastik 
Medium, and Medium Gray Spool Chain (Figure 1). Four links for each 
chain were used, being approximately the average length used in a clinical 
situation for cuspid retraction movements in orthodontics. 
For all the experiments an Instron Universa1 Testing Instrument, 
table model 1130 with a ten pound tension lo3.d cell was used (Figure 2). 
The gear set up system was (26 EX - 26 EY) giving a chart speed of two 
inches per minute. 
Two environmental conditions were selected: dry environment 
at room temperature, and wet environment at constant 37° C body temper-
ature using deionized water for this purpose. 
In the first test the three types of Alastiks were taken to the 
breaking point, adjusting the Instron Instrument in the scale of five pounds 
for the CK Clear and CK Gray groups, but for the Gray Spool Chain, the 
instrument was adjusted in the scale of ten pounds. In a pilot study it was 
14 
Fig u r e 1. Thre e t ypes of Alastik n1odul es m a nufactured by 
Unitek Corpor ation . 
15 
Figur e 2. Instron Universal Testing, Instrum en t wHh the 
experiment set up. 
16 
17 
found that this type of Alastik could tolerate more elongation before it 
breaks. Thirty samples from the same batch for each type of Alastik were 
tested under dry environmental conditions at room temperature (range of 
21° C to 23° C) making a total of 90 experiments. 
To hold the plastic modules in the grips of the Instron, and avoid 
slippage, a modification was made, using two square blocks of Plexiglas 
cut to the same size of the grips of the machine (one inch by one inch by 
one-fourth inch), and an eye screw that was reduced in an electrolytic pol-
isher (model 710 Standard from Rocky Mountain Orthodontics) for 15 min-
utes, to let the samples sljde through easily and loosely. The eye screw 
was opened until it had a hook shape (Figure 3) and was screwed and 
cemented with cyanoacrylate to one of the edges of the square Plexiglas 
blocks. Each block was gripped tightly to the clamps of the machine, and 
the material could be hooked easily every time it was necessary to replace 
a new sample. The same modified holders were used in the next experi-
ment. 
The next test, the load relaxation (L. R.) was measured in dry 
environmental conditions at room temperature (range 22° C to 24° C). 
The Instron was adjusted to the one pound scale and the chart speed at 
two inches per minute. 
Because of the limitations of the Instron to accept just one 
sample at a time, it was not possible to test one sample for a three week 
~~~~~~~~..,y,~  ... Jllillr~~~·~ .. ~-~~, 
I 
I 
Figure 3. Modified Grips us e d in the breaking point t e st 
and the load r e laxa tion test at room t empera ture. 
L __ _ _ 
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period. so the sample size was reduced to five. expe~iments for eaCh type. 
of Alastik and te~te,d. for, .~pprqximateltY ten ho~rs •. 
0Qe chart roll~~as, us~d for five tests, ci.'~a~u~ting th.e mar}f.ing 
pen on the char.t ten diyisionf? highe!: qn .the chart seal~ .. for ~v~ry. experi-
ment. thus avoiliug ove:r,lapping of the lines in the reading,. A timer of 
• ' • f ' 
24 hour cycle (l•termatic Inc., .ModelE 911~~6 .. 1875 w~tts ..... 15 aill.P•) was 
used to turn off the lnstron ... after the tenth hour. 
A regression and correlation ;analysis was usef,tto determine.J.f 
. . . . . . , , .· . ,) ,, 
it was possible to predict for, a longer period of ti,m~ (up to tltree and fqur 
weeks) the load relaxation of the material. 
The initial load selected in this tes~ was in the ~nge of • 464 
' ' : ' . . . ·.. . . ' ' 
po'!lllds to • 46 7, pounds = 209 .grams. tq 21,0, grams·. 
' _,., ' '.'' . . . 
The next~ests, the load. rela;xation with the ~•tu.ial s,l,lbmer~d 
' .. -.';<. ... J . ' 
in deionized water at 3 7° C, and two differ,ent initialloacJ,f! on~ low (. 464 
pounds to. 467 pounds pr,209 grams to 2l0 grams);·. and ;the pther high (one 
pqup,d~ or 450 grams). 
. 
Jhe Instron ai,ain was. adjpl:)t~d to the ot;1e po~d·$Cale and .~~·shart · 
'• . ' . ' : ..
spe~d of two inches. per minute foz: t.Pe lo~ loac:t and • r~adj.us~eid. to the, t.,p 
poumi scale for the high initial load. 
Five s~mples for each type of. Alastik mod~e ~e~~ ~.es~e4, for ~ 
same period of time (t~n ho~rs). 
. •. 
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each group. A total of 45 samples for the two different environmental con-
ditions and the initial loads were tested in this study. 
A waterbath was constructed for this series of experiments. 
The waterbath was a rectangular tank made with one-fourth inch trans-
parent Plexiglas with the following dimensions: 12 5/8 inches long, five 
inches wide, and six inches deep. All the parts were bonded together with 
methyl ethyl ketone (Figure 4). 
Four legs six inches in height supported the tank. On the outside 
on the floor of the tank, a square block (one inch by one inch by one-fourth 
inch) was bonded, to firmly connect the waterbath to the Instron machine. 
The block prevented the tank from being lifted when the Alastiks were 
stretched. On the inside of the floor of the tank, two more blocks were 
bonded. They were parallel to each other with a separation of one-fourth 
inch, allowing a third block to be placed in between them. The sliding 
block had an eye screw which provided for attachment of the Alastik 
modules. Movement of the sliding block was prevented by two stainless 
steel rods {three-:- sixteenths inch in diameter and one inch long) inserted 
horizontally into holes previously made through all three square blocks 
(Figure 5). 
A theremometer with a scale of (0-110° C) was placed inside the 
waterbath to check the temperature. A constant level system was developed 
to maintain circulation of the water and keep it at a pre-determined level 
Figure 4. Waterbath containing deionized water at constant 
temperature. 
21 
Figure 5. Modified Grips used for the load relaxation tests 
under water. 
22 
. . 
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(Figure 6). A two inch glass ball was attached to a Plexiglas rod of 6. 5 
inches in length and. one-half inch in diameter. The rod was attached and 
sealed into the ball with self curing acrylic. This float was placed in a 
vertical position in relatil'm. to the waterbath, the shaft or rod passes 
through a glass guide attached by a steel clasp to a blade of Plexiglas 
bonded in one side of the waterbath. A lever action microswitch (Potter 
and Brumfield Company) was placed above the tip of the floater shaft and 
screwed to the same blade where the glass guide is attached, the micro-
switch controls a small pump used to maintain the circulation of the water. 
When the water reachec:t·a certain level, the tip of the rod activates the 
microswitch and turns off the pump. An extention lever was bonded to the 
arm of the micros.witch to increase its sensitivity. 
The pump was a Cole Parmer Gear Pump (catalog number 7012) 
and maintained the circulation of the waterbath from a tank that was the 
heating source; the heating source was a full visibility jar bath, model 
(MW 1162 SSA-1). Blue M (Magni Whirl). with agitator. in which it is 
possible to adjust the d~sired water temperature. In this case it was 
' ~ 
necessary 'to keep the temperature of the water at 39° C.. because of the 
time the water travels through the pump by a hose of five- sixteenths inch. 
inside diameter to the waterbath, the temperature drops approximately 
2° C. This kept the water temperature at a constant 37° C. 
...----------------------------------------------------------------------_, 
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~ 
Figure 6. Floating System, Thermometer, and Microswitch. 
25 
Another hose with three-eighths inch inside diameter went from 
the bottom of the waterbath to the bottom of the heated jar. and emptied the 
waterbath and closed the water circUit. · 
·To control the amount of water to be returned to the heated jar 
·l 
a clamp was placed around the hose. Plastic covers were placed over the 
:. <' i:.. -~ . ~ . . ' '' 
waterbath and the heated tank to prevent evaporation. 
r r 
'\' 
• ! •• 
., ' 
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CHAPTER IV 
R~SULTS 
.. ·, 
Breaking Point 
The ultimate str~n~h (load) of ~ach ·type of Alastik w~s deter-
mined. •·' 
'·: ,, 
The U,ads were registered in p~>Unds for e$-ch experi.Irt!,ent. The 
~~. ' ., 
·"'-"';: ', . ' ; .· 
means of breaking stre~~ and standard deviation of; each group; was deter-
, 
. mined (Table I)~ As it is shown m the Table5the pre~kittg point 'pf the Spool 
~- '• ~- , . ' . ~ 
'!"'" I 
.Chain Wf{~ .5. fi6'rpoundR ~it.q a standard devialion. 6f . .:!t o • .15~ -(;pm:pared with 
tf (~\ :' ' . ( ·; 
· the CK ~1ear vi!~ a mean elf 4• 24 pounds ~d a standJa,rd deviati~ of ± 0. 60, 
.. , ' ' t : it 
and the CK GraY with a :mean of 3. 93 pourids and a standard dev~tion of ± 
;.:! -~ 1 t ,( ·-~tl 
· 0. 60. Thus de~onstrattn~:;:that ill~ Spaol Chain show~d ~very constant 
:·1' ,_· ' . . ' 
'• '\;; ; . .- :: t ~ ··'' :·. 
·breaking point obmpare~ with the other two Alastik t~es. The ¢K groups 
. ':,/ ~ \:, t ~ 
.-.,> , I < . : 
~ . l ; ' (Clear and Gray) presente4'more v~iabiljity than the: Spoo,l Chait). 
; ~. ·~. . ,' ·.· i ~ _; (.. . 
" .,..: ~ 
A "T" test w~s Used to compar~ every typt of Alastik].to each 
! ~ il I . . 
i 
. other (Table I). 
Comparing tq~ Hfeafdng; po~t ~ t~~ CK Clbar~and,the.CK Gray 
. . ·-~ . ~ " 
' ·'· 
groups the "T" test sh~s ':t;hat th~re )V~S ~o :Significant statistic~l difference 
! ""·~·: i ...., ' "" . . 
with aT value of 1. 89 at th~ • 05 level of ¢onfidence.' 
j 
26 
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Comparing the breaking point of the CK Clear group and the Spool 
Chain, the "T" test shows that there. was a significant statistical difference 
with aT value of -13.07 at the .05 level of confidence. Using t})e same "T" 
test and comparing the breaking point of the CK Gray group and the Spool 
Chain a significant statistical difference was found with a T value of -13.63 
at the same • 05 level of cqnfidence. 
Observations During th.e Experiments 
Generallywhen a small defect was apparent in the specimen 
during the test, the defect was the site of breakage. This phenomenon is 
·known as stress concentrition·and·was·prestnt·only in·th~ .. CK Clear and 
CK Gray groups. 
The breaking site was not constalmt; sometimes the samples broke 
in the union of two links, sometimes one pf the links located in the middle 
of the sample broke, and sometimes it broke where it was hooked. 
ln the cases where the samples broke either in the union of two 
links or ~ere the materia1 was hooked, ~he curves obtained in the chart 
of the lnstron, were clear and neat (Figure 7). 
When one .side of a link located· in the middle of the sample broke, 
the load elon$atio.p curves presented an initial load curve, with a first 
breaking point. and a second short load curve f'ollowed by the final rupture 
'ln 
"0 § 
0 Q.• 
-
"0 
aS 
0 
.·...:~ 
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, Elongation· (in) 
Figure 7. Tyoi~,alre:oresentation <;>f·Load-·Elongat~~n;C u:tvc 
b 
;• 
Elongation (in) 
•·. ,FiJure ~·. Load-Elongation Curye Jndic.ating,breaking points 
(a) initial breakage~ (b) final rupture ' ~·. . 
followed later by the other side. 
In the case o:f.'ihe'Spool :Chain.· 80 pel"cent' of the samples broke 
. ' ' 
in the center. in the small 'egment that connects one link to another. The 
' 
Spool Chain was observed to be free of defects~ 
Load Relaxation T~sts 
In all the experiments Jive samples of each type of Alast,ik were 
tested durjng a ten: hour period under two different environmen,"tal condi-
1 • ' I , ' • ' ~ • ; • · ' . • ' 
tions; dry at room temperature (22° C to 23° C) and under Q.eionized water ! 
at 37° C. Two diff~rent in:itial loads were also tested. one :considered low _ ·
'(. 464 pounds to. 467 pounds= 209 grams to 210 g'rams):and the other high' 
I . 
' }. 
(one poun_d:= 450 g~fims). The highinitialload w~s-~e_st,ed ~lyun,der waJer~ 
' . y 
The load ;relaxation (L. R. ) of each experime~t was reGarded :tn 
pounds at different periods Jf time from one minute up to 600 minutes (ten 
_;hours). 
With the \initial load. and the load registered after specific inter-i, 
i ' 
vals of time. the percent of load relaxation was computed. 'The times used: 
: were: ten minutes, 20 minutes. 60 ·minutes. 300 minutes (five hours). and 
~~ f : 
; 600 minutes (ten hctltrs). 
For the ~bservations at room temperature with the low initial 
' ! 
\ : J. 
'load (Table I I) for observations in water at '37° C with same low initial 
:· .· 
A1astik Type 
Cl<: Clear 
'l'Al3L~ 11 
P:E:ttC:E:N'l'AGEj LOAO ltELAXA'l'lO~ Otr ALAS'l'lK MOOtJL:E:S 
A 1' ltOOM 'l't!:_MPE:RA 'l'bttm 
(OBSERVlW) 
Sa:tr.t:p1e Time UttiHa11oad • 484 - • 468 potitid!3 = ~09 - 210 gratns) 
Nb. · ( 1 hotlr) (5 hotir!3) (10 hours) 
10 tnitt. ~0 mih. ao tnitt. 30 0 tnltt. 600 tnin. 
'' 
1 13.58 15.09 16.80 20.26 19,83 
·2 15.9! 18.13 18.28 20.85 22.37 
3 UL 1g. -~17.21 1 a. ·71 23.aa 2S.66 
4 14.44 ~- 16.17 17-t~a 2L58 21.99 
5 12.48 . 13. 77 13.98 ·1a. 35 18.93 
32 
load (Table III), and for observations in w~ter at 37° C with the high , 
' 
initial load (Table IV). 
The observ~4 data was plotted uSing: X value =log of time andY;: 
: . ·: 
value = percentage of stress relaxation. Ai regression and correlation 
. . 
analysis was used .to det~rmine the CQrrelation bet:w"eel1 the observations 
and a st:raight line,; Obtaining a high correlation c~efficien~ to· s~pport·the !l 
former data, the pred:i~tion for a longer period of time could be computed i; 
. . l: 
. . I 
using the following ;formula: y = a + bX. :.1 r 
.. . 
~ .· ~ ' ~·. ~ 
Correlation coefficient for the groups in dry environment with 
low inittAl.load: 
'j 
CK Clear - c'orrelation coefficient = 
a value • • • . . = 
'I 
b value •: • : • • • • · •'· · ·-=·.·· 5. 45 
''1 
' 
- Correlation cdefficient CKd~ay = 0.,926 
·.: i 
a value. . . . . . . = 7.;67 
b value. . . . . 
Spoot .Chain .., 
• 
. ' 
C orrei_~tion c oefficienf = 0.,906 
; ( a valqe . . • .. • • ... = 8~36 ~ '" 
b value . • . • • . • = 5.151 
Al.astik 'type 
TABL;E III 
PER.CENTAGE I;:.OAD RELAXATION OF ALASTIK 
M{)DULES IN WATER 3 7° C 
Sample 
No. 
. (OBSERVED) 
Time (Initial load • 464 - • 466 pounds • 209 - 210 grams) 
(1 hour} (5 hours) (1 0 hours) 
. 19 min. 20 min. 60 min. 300 min. .600 min. 
Alastik Type 
CK Clear 
CK Gray 
~ 
~ 
Spool Chain 
TABLE IV 
PERCENTAGE LOAD RELAXATION OF ALASTIK 
MODULES IN WATER 37° C 
·(OBSERVED) 
Sample Time (Initial load 1 pound = 450 grams) 
No. (1 hour) (5 hours) (10 hours) 
10 min. 20 min. 60 min. 300 min. 600 min. 
1 32 36 40, 46 50 
2 34 38. 42 48 51 
3 34 37. 42.5 49 51.5 
4 30 34 38.5 44.5 46.5 
5 31.5 34.5 40 47 50 
1 31 34.5 40 47 50 
2 29 32 37 43 46 
3 34 38' 43 48 51 
4 33.5 36.5 41..5 47 50 
5 38. 5 42 48 &1 55 
1 42 47 54 61 63 
2 43 48 55.5 63 65.5 
3 43 48 55 62 64 
4 43 48 56 63 65 
5 43 49 54.5 60.5 62.5 
~ 
~ 
·t 
.~ 
~ 
Correlation coefficient for the groups under· water at 37° C and 
low initial load: 
CK Clear - Correlation coefficient = 0. 979 
'a value'. { ':' . . ... . . . 
~' •. • • :=· 'lS. 01> 
CKG;ray 
, r t::_ · 
- Correlation coefficient = 0. 9 73 
...... "if,·. q' :' ic.~ ·.! ,' 1 r i' 
a value . . . . • • . = 10.26 ft 
:! •. ! 
b value . . . = 12.52 
'' 
~ i ,. 
Correlation coefficient - 0. ·9a5 .. · 
a value:~ . . . . . . = 9. 64 
valu~'.; ' " b is·. 087 ' . • -
..-·. : '; ;'· 
' 
Corre~a~~on coefficient fpr the Sfolfps under water at 37° C and 
,• \ . .J '. ' . • ' 
high initial load: 
' ,;. " ~ . . 
CK 'Cleal" · 
·b· v·alu·e· •·· ; •. ".·· · · · ;... ' ... ~ ' ,·, 1 r~ _; ... 
CKGray Correlation coefficient = 0. 907 
I(·, 
a value. • • . . . . = 18.06 
b value. . . . . . . = 12.15 
36 
Spool Chain - Correlation coefficient = 0. 921 
a value. . . . . = 24.28 
b vaiue. . . = 15.45 
Findings of the predicted percentage of load relaxation for the 
group at room temperature and low :initial load. sl}ows that most of the L. R. 
takes place d~ring the first 24 hours = 24.68 percent 'for the CK Clear group. 
27. 45 percent for the CK Gray •. and 25. '76 percent for- the Spool Chain. 
After the third week L. R. · = 31:'89 percent for :the CK ·Clear, 35. 73 percent 
for the CK Gray; _and 33. 04: p~rcent'for the Spool Chain. The fourth week 
. . 
the percentages· were as follows: 32.58 percent for the CK Clear. 36.51 
~ ' ' ",. ,I 
percent for C}{ Gray. and 33. 73 percent for the Spool Chain. Table V 
i . 
shows the resui~s of these grQups at different fnt~rvals of time. Figures 
9. 10. and 11 r~present a.composite with flte range of: the observations and 
the predicted _load relaxation up to the fourth- ~eek. 
The predicted percentage of ~e Joad r~laxation for the low initial 
' t ' • ' ; - . ·' f•' ' 
load groups under water at 37° c. In this group the effect of temperature on 
• r ;, , ~ , : 
the material shows a drarn!atic effect on the load r.el$ation, being 50. 22 
i :: 
percent for the CK Clear. 49. 78 percent for the CK Gray. and 66. 76 per-
cent for the Spool Chain after the first 24 hours. After the third week the 
' . ' 
CK Clear had relaxed 67.42 p,ercent. the ~K:Gray 6S:.:33 percent. and the 
,.... ' ~. : 
Alastik 
Type 10 20 
CK 12.~1 .1.4. 55 
<:? Clear 
CK 13.93 15.8~ 
. Gra 
; Spool 13.90 15.52 
Chain 
TABLE V 
PERCENTAGE LOAD RELAXATION OF ALASTIK 
MODULES AT ROOM TEMPERATURE 
(PREDICTED) 
Time (Initial load • 464 - • 467 pounds = 209 - 210 grams) 
60 300 600 24 hours 1 week 2 weeks 3 weeks 
17. 15 20.97 22.61 24.68 29.30 30.94 31.90 
18. 81 23.20 25.07 27. 45 32. 75 34.63 35. 73 . 
•·•. f- .~ • " 
18. 16 22.01 23.67 25.76 30.42 32.18 33.05 
'' .. 
4 weeks 
32.60 
36.51 
33.73 
--
0 
<t: 
0 
...J 
.s 
.(j 
0 
Observed 
h'rl-eM, : " 
TIME 
Predicted 
, ·Figure g~:. 'Time vs mean load of- the CKCl~ar Alastik Modules 
at room temperature. 
1 
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Figure 10. Mean load vs time of the CK Gray Alastik Modules at room temperature. 
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Figure 11. Mean load vs time of the Spool Chain Alastik Modules at room temperature 
... 
c 
Spool Chain 90. 67 percent. By the fourth week the CK Clear presented 69 
percent L.R., the CK Gnay 67.9 percent, and 92. 93;percent for the Spool 
' 
Chain. 
Table VI shows the percentage of load relaxation of these groups 
at different ip.tervals of time, and Figures 12, 13, and 14 represent a com-
posite of the range of the pbservations .an4. the predicted L. R. up to the 
fourth week. 
\ 
Comparing the ~roup under dry,environmental conditions and the 
group under w~ter at 37°C, :it is poss~ble to kppreci~te a considerable 
difference in th~•percenta~e$ of.load relaxati~n.-
. ,, : .-- .. \ ·· ... 
· ~;, . r .~' 't ~ ) .. 
Tpe effect of temp~rature on the m~terial ~s remarkable. 
. . ; ' ' .. 
Difference 
; l CK Gray, RT , · 
CK Gray, 37° C 
Difference 
.; 24Hours. 
. ' 
·-
24. 68% :L. R. 
. . 
' . 
50. 22o/o L. R. 
' ' 2~. 54o/o L. ft. 
' 2·7. 45%\ L. R. 
., 
49. 78o/o L.a. 
22. 33% ·-L. It. 
*RT = Room Tempel'ature · 
; 
•'; 
! 
' . : . : (,, { ,, . ' 
**37° C =Water Bath Environment 
i: 
i 
! : 
d 
4 Weeks 
, ! 32. 58o/o L. R. 
' 
' ; . 
i' 
69. 04o/o L~ R. 
36. 46o/o L. R. 
32. 58o/o L. R. 
.67. 90o/o L. R. 
35. 32o/o L. R. 
~-. 
Alastik 
Type 10 20 
CK 22.15 26.1)'7 
Clear 
CK 22.77 26.54 
Gra 
Spool 28,73 34.78 
Chain 
TABLE VI 
PERCENTAGE LOAD RELAXATION OF ALASTIK 
MODULES IN WATER 37° C 
(PREDICTED) 
Time (Initial load • 464 - • 466 pounds = 209 - 210 grams) 
60 300 600 24 hours 1 week 2 weeks 3 weeks 
.. 32. 27 41.36 45.38 50.23 61.22 65.13 67.42 
32.51 ·~ 4!. 26 45.03 49.~ 89 60.47 64.13 66.34 
~'"'-
43.63 54. 86 59.18 66.76 82.04 87.49 90.67 
4 weeks 
69.05 
67.90 
92.93 
-~ . 
.0 
-
0 
<t. 
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0 ..... M,)O 
Figure 12. Mean load vs time of the CK Clear Modules in water at 
3 7° Centigrade. 
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Figure 1'3. Mean load vs. time of the CK Gray Alastik Modules in water 
at 370 Centigrade • 
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Figure 14. Mean load vs. time of the S~:)Qol Chain Alastik Modules in water 
at 3 7P. C entigrad~: .... 
,T, 
Observed Predicted 
&00 
Spool Chain, RT 
~pool Chain, 37° c· 
Pitference 
25t 76o/o L • .R. 
66.76% L .• R. 
. 41. .. OOo/o L. R.. 
33 .• 73o/o L. fl. •. 
i '· ' 
59.20% L. R • 
· The percentage of load relaxation between the CK Clear and the 
CK Gray showed no significant difference. 
CK Cle~r, RT 
CKGray, RT 
Difference 
CK Clear, 37° C 
0 CKQn1y,, 37 C 
Difference 
24. 68o/o L. R. 
27. 45% LoR. 
2. 77% L. R. 
~(}. 22%. Lo lito 
49 .• 78% L. R. 
0. 44% L. Ro 
'(' 
32.58% L. R. 
36 .. 51% L. R. 
3. 93% L. R. 
69. 64?/o 1;.._ •. R •. 
67·. 9Q%. Js.. %-
1.14% L.R. 
; . t' 
Predicte<J percentage of lpad .relaxation for tije1last gr;9up under 
. . 
water at 37° C an.d, with an initial load of one pound or ~50 .gr~ms .• 
After the first 24 hours the CK Clear showed 55. 69 percent load 
relaxation, CK Gray 56.69 percent, a~dtheSpool Chain 73 .• 05 pe-rcent. 
At the third ·weekthe CK Clear showed 71. 83 percent, the CK·Gra:y 72. 50 
percent, and the Spool Chain 93.48 percent.' By the fourth w~ek, the CK 
Clear shows 73.,36 percent, the CK Gray 74.02 percent, and the Spool 
' Chain 95. 4:1 percef1t. 
41 
Table VI I shows the percentage of L. R. ·of these groups at 
different intervals of time. Figures 15, ~16 and 17 repr,esent a composite 
of the range of the observations and the pre~icted L. R. up to the fourth 
week. 
Comparison between two groups, the one.of low initial load and 
the one of high initial load under the same environmental conditions (water 
at 37° C) is sh~n below: 
• 
24 Hours 4 Weeks 
CK Clear, LL* 50. 22o/o L~.R. 69. 04o/o L. R. 
CK Clear, HL** \ 
' 
·· 55.'69o/o. L~"R. 73. 35% L. R. 
~. ' 
' ' Diff&r~rice 
~ .. ... 
i 5.,47o/o L. R. 4. 31 o/o L. R. 
f .. 
'· t-·, 
CKGray .. LL 49. 78% L •. R. 69: 90o/o L. R. 
' 
CK Gray, HL 56. 43% L.:.·R. 74~ 02% L. R. 
Difference 6 •. 65% L.;_R. 4~ 12% L. R. 
,. 
Spool Chain, LL 66. ~6% L.,~. 92l93% L. R. 
Spool Chain, HL 73.05% L.R. 95.41% L. R. 
Difference 6. 29o/ol L.:R. 2. 48% L. R. 
*LL = Low Load 
**HL =High Load 
Alastik 
Type 10 20 
CK 29.35 33.02 
Clear 
CK 30.21 33.86 
Gra 
Spool 39.72 44.37 
Chain 
TABLE VII 
PERCENTAGE LOAD RELAXATION OF ALASTIK 
MODULES IN WATER 37° C 
(PREDICTED) 
Time (Initial load 1 pound = 450 grams) · 
60 300 600 24 hours 1 week 2 weeks 
38.84 47.37 51.05 55.69 66.00 69.68 
39.66 48.16 51.81 56.43 66.70 70.36 
51. 73 62.53 67. 18 73.05 86.11 90.76 
3 weeks 4 weeks 
71.83 73.35 
72.50 74.02 
93.48 95.41 
t .. 
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.• q Figure 15. Mean load .vs time of theCK Cle~r Alastik Modules in water at 370 Centigrade 
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Figure 16. Mean load vs time of the CK Gray Alastik Modules in water at 
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The average difference between these two groups was 9nly 4. 88 
percent L. R. for the high initial load group. which deinonstrates. that 
·, ,,f 
regardless of the initial load the percentage of L. R. ,1; of plE~ material, will 
. . . 
be proportionally th~ same. Figure 18 is a'composi~e between tn,ese two 
if ' 
groups. 
Once again the percentage of 1:,. R. betwe,~n the CK Clear and the 
CK Gray type in this group with high initial load showed no sig~ficant 
difference: 
24 Hours 
CK Clear 554 69% L. R. 
CKGray 
Difference O. 74% I,... R. 
4 Weeks : ~ 
73. 35o/o L. ~· 
: ,j 
' ~: 
~4. 02% L. R, 
0. 67% L. R.: 
·• 
. ., 
.s 
-• .II 
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Figtire 18. 
"'· 
'· 
' ·-· ,, . 
Meari1oad vs time .of the Alastili'ivrodules tn water at 
s~o Centi(l'ad~ . . - . 
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cHAPTER V 
.DISCVSSION 
In ·the search for the chemical compo~ents of the material, no 
'specific information was found which c~nh~rh~d th~ statements of Bishara 14.; 
, · · · 13 :. · · · ~ts . · . '· ~ · t · ·J. i. I . • j( · • · . . • Andreasen • and Hershey • The ·only 'information obtained was from the 
-: •• ·' I : '~ ' . 1 t .· 
assumption that the plastic modules al':e'·'inade from the same material used 
for Elastome~ic .. ~hread tp~lyur~thane prepolymer), but with a different 
'} ... 
:' ' .·! design. 
. ; 
'•· ', , ' 'l , ·, ; ·. I ', ' ., ' ; ' \ I 
After reviewing the literature about the optimal forces in Ortho-
' '~ .)(' J . iJ ': . ' . " .. . . . . ' . 
dontics. the final conclusion was that there are as many theories about this 
, ' '' , '• ; ",' i ,~: > ) f - ~ ,'- ' , ·, ' 
0 
• I·, ~ \• ,' 
subject as there are investigators, and that there are :so .many·variables 
involved that it.is'v~ry'difhcult to ~btairi·~ gon~lusi~e ans~e~~·,:;~h~refore, 
' 'this area is open to wh~t fue opini~n of e~ch orth~donti~t corisiders to be 
·, · : ' ··, '! ' f ' • ; ~ • ' ' , I ~ ·' 1 ' • ~ •" '. ! •·•• ·, ·. ' ·• ,• • ' '·, ' • ' f , '• ' < ; .- • I 
·the ideal force to be applied. For this reason •. ·two 'iriitialloads were used, 
one considered low(. 464 pounds·to .-46"7 pounds or .209 .gram's to 210 grams),i 
.:· 
_,., ' 
'·' .·. 
. ~ • ~ ' ;- ~,. : · . ·:I·_ • ~ • , _, f . · ir ::-··',{~. 
When the Alastik modules were taken to the breaking point, some 
int~r~sting observatio~s \vefe found. ·. The ·tW:6 CK groups (Clear and 6ray) 
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showed a variable breaking point. A mean for the CK Clear of ~- 241 
pounds and a Standard Deviation (S.U.) of. + 0. 603, and a mean of 3. 934 
pounds and, a S.D. of ± 0. 595 for the CK ;Gray. 
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There was no significant stati§tic~l ,difference between these two 
gropps. .This is, perhaps, due to tQ.e fact,tl)at th~ site of rupture in thes~ 
twq. types of Alastiks, was not constan~; ·~.~ ve:r;-yfr.e.quently a stress con-
centrating defect in the sample was found •. , 
.. It is interesting to point out that·l?Pth CK Alastik types seem to 
b_e made by injection in spec~fic mol;el~ with .specific shape.. 'l'hi~,is not so 
for the Spool Chain that apparentlyJs produ~ed by a stamping process • 
. The a.ddition of a filling c_f>lo:r.(Gray} tp the materi'" did l)..ot seem 
to give any significant strength or quality difference. 
On the other hand, the S~ol Chain showed a very con·stant 
l>reaking point with a mea.Q· of 5. 56.2 pounds and· a S. p .. of :.± (). ~52.' .Th.e;ue 
was a significant statistical difference between the Spool Chain· and the 
other two groups. · '· i 
The Spool Chain did not showfany; .noticeable defect as did the CK 
groups, and the breakmg_ si$~ was in th~ .c~~ of the -a.~ple ab.out .so per-
c.ent ()f therJ:.im.~. ,:'Eh~r~-app~ars to be, fl. {;~r;oqg correl;~:t,ion bet~e11 the . ·1 
in~qnsist~n~J,in.the.~e~king point an(,l;the Pl<"e&ence:c<>f detects in the 
material, in this case the Spool Chain demonstrates a higher caegree of· 
quality control, ·and the CK groups showed more variability. 
· · When the load relaxation tests for the three types? of Alastiks 
under the two environmental conditions are compared, it was found that 
most of the percentage of load relaxation o~curs within the first 24 hours, 
e()Dfirming the results -of Ar:tdreasen13, Bisharal_4 ·and Hershey+5. 
''· .l< ··The three group$ under dry envirohtnental conditions and low 
initial load presented very similar load relaation. 'I 
There was a significant difference in L. R. between the groups 
in dry envirdnhieni and' the oneertihth~'!' water at a ·ctn\sta:nt·3'7o0 ,C• of temper• 
a:ture. ·. The latt'er is more e1iniaan:r sigmfidant bEk13.ttse the inaterial'is 
used under these- conditions. 
Compat'tng the 'means. of the· CK Clea:t-1 'grbups ·with low initi.s.l' 
load a- difference was found·of ·25-. 5'·, percent L. R. mor-e fat> the· g~roup ~efl 1 
water after 24 hours and· 36. 4 percent·Lo R~ up to the- fourth week. ,. 
; Approgcimately the same results were obtained between the CK 
group with low initial load. the . .difference;·:~as: of 22. 8 percent L. R. more 
fo~·the group urieer water,after 24 hours, lil.rid 35. G percent. L. R. up to the 
fourth weeK. ·In 4>ther wo:rtds•· there wtts tW.i-G:e as much load relaxation for 
the ~oups'~r·water at a<-:€onstant 3VP d <Jf'terliperature. : 
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With the Spool Chain groups .. with the same initial low load' there 
was a difference of 41 percent L. R. more after 24 hours for the group under 
water and 59. 2 percent L. R. up to the fourth week, being at this time about 
two times more than under dry conditions. 
The behavior of the CK groups (Clear and Gray) was very similar .. 
not only in the breaking point test, but in .the load relaxation tests. There 
was no ·significant difference between these two groups. 
The Spool Chain group always presep.ted more L. R. than the 
~:Uler groups. 
When the Alastiks were taken to a higher load,. a higher L. R. was 
expected to occur but, comparing these groups with the low :init.ial load 
there was an average difference of only 4. 88 percent L. R. more within the 
groups of high initial load. This corroborates the findings of Hersheyl5 
that the percent of force loss was similar for modules stretched to high and 
. low initial forces. In other words, the L .. R. of the material was prdpor-
tionally about the same. 
At a higher initial load the CK groups behave very similar :to each 
other. and the Spool Chain showed a larger percent of L. R. 
The difference in the amount of. L• R. between the CK groups and 
the Spool.Chain may have some relation with their design. The CK· gr.oup 
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is a continuous chain and the Spool Chain presents a small segment between 
each link which was the site of breakage most of the time. 
A permanent plastic deformation was observed in all the samples 
that were under a heavy initial load. No apparent deformation was present 
with the samples at low initial load. 
Taking the average of the means of the CK groups after three 
weeks from lower and higher initial load uD:der water at 37° C, a value of 
69.52 percent Lo Ro is obtained, which means, that from the clinical point 
of view the CK Alastiks should have a substantially larger initial force, 
depending upon what the clinician considers as optimum. 
As an example: if the ultimate desired force is 120 gm., the 
initial load should be of 400 gm. 
Taking the average of the means froni the Spool Chain after three 
weeks from the low and high initial loads, a value of 92. 07 perc~nt L. R. is 
obtained. This clinically is of great significance, because at the end of the 
third week the Spool Chain is practically ineffective, even if it is changed 
every day. After 24 hours the Lo Ro of the Spool Chain is about the same 
as the CK groups after three weeks. 
It is suggested that the Orthodontist use the CK groups (Clear or 
Gray) but considering that in order to have effective force, the Alastik 
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modules should be placed with a considerable high initial load. This 
confirms what Hershey15 and Andreasen13 found in their investigations. 
On the other hand the Spool Chain is suggested to be used only 
to maintain the arches in an orthodontic case consolidated, and not to 
retract or move teeth. 
Next is a comparison between our results in the CK groups and 
15 Hershey's work, with Clear and Gray Alastiks. 
Time CK Groups Hershey's 
60 Minutes 40. 28o/o LoR. 36o/o L. R. 
24 Hours 53. 03o/o L. R. 53o/o L. R. 
3 Weeks 63. 56o/o L. R. 58o/o L. R. 
Comparison between our results and Bishara•s14 work. 
Time CK Groups Bishara's 
60 Minutes 40. 28o/o L. R. 45. 3o/o L. R. 
24 Hours 53. 03o/o L. R. 54. 7o/o L. R. 
1 Week 63. 56o/o L. R. 60. 5o/o L. R. 
3 Weeks 69. 52o/o L. R. 67. 5o/o L. R. 
The types of Alastiks used by Bishara 14 were from the K group 
(Standard Kl - K2 - K3) even though these groups have a different design 
compared with the CK group, the results were very close. 
Comparison with Andreasen's13 work. 
Time 
60 Minutes 
24 Hours 
3 Weeks 
CK Groups 
40. 28o/o L. R. 
53. 03% L. R. 
69.52% L. R. 
Andreasen's 
55. 7% L. R. 
74. 2% L. R. 
82. O% L. R. {about) 
The types of Alastiks used by Andreasen13 were Alastik Chains 
Standard and Heavy but it is not specified which particular group. 
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It is our hope to have made a contribution to the understanding of 
these materials but numerous questions remain. 
Since most of the L. R. occurs during the first 24 hours, the 
question remaining is whether prestretching will eliminate or reduce this 
effect. 
Is the chemical composition of the Alastiks what we think it is? 
In a clinical situation, the material is not only exposed to saliva 
and body temperature which is not constant, but to mastication, food and 
extreme changes in temperature. How is the material affected under these 
conditions? 
CHAPTER VI 
SUMMARY 
The purpose of this study was to investigate the behavior and 
characteristics of a material used in Orthodontics known as Alastik Modules, 
manufactured by Unitek Corporation, (CK Clear regular Alastik chain, CK 
Gray medium Alastik chain, and the Spool Gray Chain). 
An assumption was made, that the chemical components of the 
Alastik modules are the same as for the Elastomeric Thread material 
(polyurethane prepolymer) previously noted in the United States Patent 
Office 3. 
Because of the variability in opinions about the optimal forces in 
Orthodontics, two different initial loads were selected for the load relaxation 
tests, one considered low and the other high, under tow different environ-
mental conditions; dry, at room temperature, and in deionized water at 
37° c. 
A breaking point test was done on 30 samples of each group being 
a total of 90. The CK groups (Clear and Gray) presented more variability 
compared with the Spool Chain group. 
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Structural defects were found in the CK groups, and these defects 
were the sites of breakage. 
There were no apparent defects in the Spool Chain showing a very 
constant breaking point, the site of breakage being the middle of the samples 
approximately 80 percent of the time. 
Most of the load relaxation in all the Alastik modules occurs 
within the first 24 hours. 
Under 'dry environmental conditions at room temperature, the 
three types of Alastiks presented very similar percentage load relaxation. 
Under water at 37° C the Alastik modules underwent twice as 
much relaxation than that experienced at room temperature. 
There was no significant difference in the percent of load relax-
atjon when the Alastiks were tested at a low or high initial load. 
There was no significant difference in the response between the 
CK Clear and the CK Gray groups in the breaking point test and the load 
relaxation tests. 
There was a significant difference between the CK groups (Clear 
and Gray) and the Spool Chain in the percentage of load relaxation, being 
about 69 percent for the CK groups and 92 percent for the Spool Chain after 
three weeks of clinical time. 
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The CK Alastiks should have a substantially larger initial force 
application, depending upon what the clinician considers as optimum. 
It is suggested in an Orthodontic case, to use the Spool Chain to 
maintain the arches condensated or where no tooth movement is desired, 
-because of the great load relaxation that occurs in this type of material. 
All the Alastik modules presented plastic deformation when they 
w-ere tested at the high initial load. 
BffiLIOGRAPHY 
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